Increased Conductivity and Reduced Settling Time of Carbon-Based Electrodes By Addition of Sea Salt for Wearable Application.
A carbon-based dry electrode is designed to measure bio-potential from skin surface without hydrogel. Consequently, unlike Ag/AgCl electrodes, the carbon-based electrodes require some settling time before a high-fidelity signal is obtained due to the process for impedance matching among skin surface, electrode and amplifiers in biometric system. Besides, especially, when electrocardiogram (ECG) is measured at some distance away from the chest using carbon-based electrodes for wearable application, the settling time could be a critical concern for immediate data collection due to the smaller bio-potential and bigger motion artifact noises. The settling time was defined as the time it takes for the carbon-based electrodes to have the same impedance as that of Ag/AgCl electrodes at a particular frequency (< 1 kHz) for bio-signals. In this study, we investigated the characteristics of the skin contact impedance as a function of time using carbon-based electrodes with and without sea salt and different thickness. Specifically, sea salt was added to the carbon black (SCB)/polydimethlysiloxane (PDMS) electrode to examine the level of enhanced conductivity and reduction of settling time. We used SCB/PDMS and CB/PDMS electrodes with thickness of 1.0 mm and 1.5 mm, examined their electrode and skin contact impedance values and compared them to Ag/AgCl electrodes. We collected impedance data from seven subjects using both SCB and CB/PDMS electrodes every 10 minutes for 50 minutes. A SCB/PDMS electrode showed lower impedance than a CB/PDMS electrode, and for both types of electrodes, higher thickness resulted in lower impedance. The same results were found for skin contact impedance. The settling times of the SCB/PDMS electrodes were found to be $20 \pm 10$ minutes and $40 \pm 10$ minutes for widths of 1.0 mm and 1.5 mm, respectively. The settling time for CB/PDMS without sea salt resulted in significantly higher settling time (> 50 minutes) when compared to SCB/PDMS electrodes. In summary, when carbon-based electrodes are used to measure bio-signals from skin surface for wearable application, its settling time can be partially offset by adding sea salt to CB/PDMS electrode and by making it thinner.